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[57] ABSTRACT

A family of window comparator circuits are arranged
to monitor differential input signals and indicate when
the difference between the signals is between two limits.
Each of the window comparator circuits includes an
input circuit having at least one current source. The
input circuit is responsive to a differential input signal
for conducting two dependently variable currents
through an output circuit. At least one voltage drop-
ping element is connected to each current source in the
input circuit for establishing the limits of the window
comparator. The output circuit responds to changes in
the ratio between the two currents conducted there-
through for indicating that the dlfferentlal input signal is
between the two limits.

15 Claims, 7 Drawing Figures
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WINDOW COMPARATOR =
BACKGROUND OF THE INVENTION

- The mventlon is a window comparator for determm—
ing when an input signal is between two limits.

In the prior art, a window comparator includes a pair
of comparison circuits arranged with two pairs of input
terminals so that input signals applied to one terminal of
each pair are compared with a different fixed reference,
or bias, voltage applied to the other terminal of each
pair. The input signals therefore are always compared
with the fixed reference voltages. Thus the prior art
circuitry is single-ended in nature and cannot reject
‘common-mode variations in the input signals while
maintaining a fixed difference between the two limits.
When implemented in mtegrated circuit form, the prior
‘art window comparator reqmres a large area of inte-
7 grated circuit chip. o -

SUMMARY OF THE INVENTION

- Therefore it is an object of the invention to provide a
‘¢ircuit for indicating when a differential lnput mgnal is
between two predetermined limits.’ |
It is another object to provide a window comparator
‘without limits established by referénce voltages.
Itisa further ob_]ect to provide a window comparator
having a consistent difference between the limits of the
window regardless of common-mode vanatlons in the
differential input ‘signals. -~ - o
It is a still further object to prowde a window com-
"parator which uses a very small area when mplemented
as an mtegrated circuit.

These and other objects of the mventlon are reallzed :
by a window comparator circuit which monitors differ-

ential input signals and indicates when the difference
‘between the signals is between two limits. The circuit
includes an input circuit having at least one current
source and being responswe to a differential input signal
for conducting two dependently variable currents
through an output circuit. At least one voltage dl‘Op-
ping element is connected to each current source in the
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input circuit for establishing the limits of the window

comparator. The output circuit responds to changes in
the ratio between the two currents conducted there-
through for indicating that the differential input signal is
between the two limits.

It is a feature of the 1nventlon to eonnect at least one_

voltage dropping element to each current source in the
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input circuit for estabhshlng the limits of the window

_.comparator |

~ Itis another feature to prowde an output circuit con-
nected with the mput circuit and arranged for respond-
ing to changes in the ratio between two dependently
variable currents conducted through the output circuit
to indicate when the dlfferentlal mput 51gnal is between
the. two. lumts |

-~ BRIEF DESCRIPTION OF THE DR_AWINGS

The invention may be more fully understood by re-

.femng to the following detailed description when that
descnptlon is read with reference to the attached draw-,
ings wherein: . . | L

FIG.1isa schematlc dlagram of an embodlment of a
wmdow comparator |
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FIGS. 2 and 3 are dlagrams deplctlng Operatlng char- .

,actenstlcs of the comparator of FIG

2

FIG. 4 is a schematic diagram of an alternative em-

bodiment of a window comparator; and

FIGS: .5, .6 and 7 are diagrams showing operatlng
charactenstlcs of the comparator of FIG. 4.

DETAILED DESCRIPTION

Embodlment of FIG. 1

" Referring now to FIG 1, there is shown an exem-
plary schematic diagram of a window comparator 12

for indicating when a d1fferent1al input signal is between

two predetermmed limits Ll and L2, shown in FIGS. 2
and 3. The input signal is applied to the window com-
parator by way of input terminals 18 and 19 to a differ-
ential voltage comparator including transistors 30 and
31. A current source 32 is arranged as an emitter-cur-
rent sorce for the differential voltage comparator. Cur-

rent Igconducted through current source 32 is equal to

the sum of collector output currents 11 and 12. The

differential voltage comparator includes a pair of resis-

tors 25 and 26 in the emitter paths of the transistors 30
and 31 for establishing a predetermined voltage differ-
ence between the limits L1 and L.2. A pair of current
sources 34 and 35 are connected in the collector output

circuits of the transistors 30 and 31, respectively, each
‘of the .current sources 34 and 35 includes a transistor
arranged to supply I; units of current. I, is shown on the |

vertical axis in FIG. 2. This is more current than the
current demanded by either of the associated transistors
30 and 31 when the differential amplifier is balanced and

is less than the current Isconducted through the emit-
ter-current source 32. Under these conditions, the tran-

sistors included in the current sources 34 and 35 operate

1in saturation and a pair of output swftchmg tranmstors

37 and 38 are disabled.

- These output smtchmg transistors are disabled dur-
ing balanced operation because they lack base drive
current. All of the collector current required by the
transistors 30 a.nd 31is supphed by the current sources

34 and 35.

The window comparator operates in response to
whatever voltage difference appears between input.
terminals 18 and 19. If an input signal is a fluctuating

current, it can be converted to a differential voltage by

conducting the current through an optional resistor 22
connected between the input terminals 18 and 19. Volt-
age drop created by the current through the resistor 22
then controls the operation of the window comparator.

“As shown in FIGS. 2 and 3, the window comparator
0perates in three different states in response to varying
voltage differences between the input terminals 18 and
19. No output current is produced by the window com-
parator on an output lead 40 when the magnitude of the

differential signal is between the predetermined limits.

A high level of current 140 is produced on the lead 40
when the magnitude of the differential signal between
the 1nput terminals exceeds elther of the limits L1 and
L2,

In FIGS. 2 and 3 when the voltage dltference be-
tween the input terminals is zero, the differential volt-

age comparator is balanced and comparator currents I1

and 12 are equal. Since the differential amplifier is bal-

anced in this state, the transistors included in the current

sources 34 and 35 are saturated, and the transistors 37
and 38 are disabled. No output current is conducted
through either of the transistors 37 and 38 or the output
lead 40. ThlS lack of current in the output lead 40 indi-
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cates that the differential input voltage is between the
predetermined limits 1.1 and L.2.

-~ 'When the voltage difference between the input termi-
nals unbalances the differential amplifier including the
transistors 30 and 31, unequal currents I1 and I2 are
conducted in their collector output circuits. For exam-
ple, if the unbalance is small enough so that the transis-
tor 30, having a higher input voltage, fails to conduct as
much current as its collector current source 34, both of
the transistors 37 and 38 remain disabled. This is also
true if 31 has a higher input voltage but fails to conduct
as much current as current source 35. In both cases, no
current 1s conducted through the lead 40. This condi-
tion, like the prewously described balanced condition,
indicates that the differential input voltage is between
the limits L1 and L2 of the window.

When the voltage difference between the input termi-
nals sufficiently unbalances the differential amplifier
including the transistors 30 and 31, one of those transis-
tors conducts more current than the transistor load in its
collector circuit. Assumlng that the input voltage ap-
plied to the terminal 19 is sufficiently greater than the
voltage applied to the terminal 18 so that the transistor
31 conducts more current than the magnitude I,, the
excess current flows through the base-emitter junction
of the transistor 38, enabling it to conduct. Transistor 38
then supplies output current 140 through the lead 40
indicating that the differential input voltage is greater
than the:limit .2 of the window. -

- Conversely, if the input voltage applied to the termi-
nal 18 is much greater than the voltage applied to the
terminal 19 so that transistor 30 conducts more current
than the value 1;, base-emitter current is drawn through
the transistor 37 enabling it to conduct. Transistor 37
supphes output current 140 through the lead 40 indicat-
ing that the input voltage difference is greater than the
limit L1 of the window.

EMBODIMENT OF FIG. ¢

Referring now to FIG. 4, there is shown another
embodiment of the window comparator for indicating
when a differential input signal is between two prede-
termined limits. Input signals are applied by way of
input terminals 51 and 52 to input circuit 44 which
Includes a pair of interconnected differential-type cir-
Cuits.

A first one of the dlfferentlal-type circuits includes
tran51s_tor_s 61 and 62 having their emitter circuits con-
nected together to an emitter current source 65. A volt-
age dropping resistor 66 is connected between the emit-
ter electrode of the transistor 62 and the current source
65, which is directly connected to the emitter electrode
of the transistor 61. |

A second one of the differential-type circuits includes
transistors 71 and 72 having their emitter circuits con-
nected together to another emitter current source 75.
Another voltage dropping resistor 76 is connected be-
tween the emitter electrode of the transistor 71 and the
current source 75, which is diréctly connected to the
emitter electrode of the transistor 72.

The input circuits of the two differential-type circuits
are interconnected with each other. A lead 78 connects
the base input electrodes of the transistor 61 and 71 with
each other and with the input terminal 51. A lead 79
connects base input electrodes of the transistors 62 and
72 with each other and with the input terminal 52.

The outputs of the two differential-type circuits also
are interconnected with each other. A lead 81 intercon-
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nects the collectors of the transistors 62 and 71. Another
lead 82 interconnects the collectors of transistors 61 and
72. L |

Output currents I3 and 14 of the input circuit are
summations of currents conducted through the input
circuit 35. Current 13 is a summation of the currents
conducted through transistors 71 and 62. Current I4 is a
summation of currents conducted through the transis-
tors 61 and 72. These output currents are conducted

through an output circuit current mirror including tran-

sistor 85 and 86. The emitter of transistor 86 is scaled for
conducting approximately three times the current con-
ducted through the transistor 85 at the same current

__densny

- The voltage dropping resistors 66 and 76 are mserted
in the emitter paths of transistors 62 and 71 for establish-

1ng limits L1 and L2 of the window. The resistance of

these resistors in combination with the magnitudes of
the currents conducted through the current sources 65
and 75 and the ratio of emitter scaling between transis-
tors 85 and 86 establishes the limits I.1'and L2.

Referring now to FIGS. 5, 6 and 7, the operation of
the circuit of FIG. 4 will be explained. It should be
noted that the differential input signals applied to the
input terminals 51 and 52 are coupled to both of the
differential-type circuits. Currents conducted by the
transistors 62 and 71 are shown in FIG. 5, and currents
conducted by the tranmstors 61 and 72 are shown in
FIG. 6.

FIG. 5 represents the vanatlon of current conducted
in the transistors 62 and 71 as the voltage difference

between terminals 51 and 52 changes FIG. 6 represents

the variation of current conducted in the transistors 61
and 72 as the voltage difference between terminals 51
and 52 changes. The horizontal scale represents changes
in the differential input voltage starting from the left
where the terminal 51 is substantially more positive than
the terminal 52. Moving to the right along the horizon-
tal, the scale goes through a point representing balanced
input voltage, or zero difference. Further to the right,

the terminal 52 is substantially more positive than the

terminal 51. Accordingly, currents 171 and 161, which
are conducted through the transistors 71 and 61, de-
crease from left to nght Conversely, the currents 62
and 72, which are conducted through the transmtors 62

and 72, increase from left to right.

The output current 13, shown as an arrow in FIG. 4,
is further shown in FIG. 5 as the summation of the
currents 162 and I71. It is noted that the current I3 dips
t0 a minimum between the lnmts Ll and L2 of the
window.

The output current I4, shown as an arrow’ in FIG. 4,
is shown in FIG. 6 as the summation of the currents I61
and 172. It is noted that the current I4 rises to a maxi-
mum between the limits L1 and L2 o

Referring once again to FIG. 4, there also is shown
an output switching transistor 88 that is responsive to
changes in the ratio between the currents I3 and I4.
Note that the base of transistor 88 is connected to the
lead conductlng current I3 and that the emitter of tran-
sistor 88 is connected to a source of positive potential.
The collector of trans:stor 88 is. connected to output
lead 90. - ' |

The transistor 85 is arranged to operate in saturation
and to conduct current required by the transistors 62
and 71 up to a magnitude approxlmately equal to one-
third of current I4. When the input voltage on either
one of the input terminals 51 and-52 is much higher than
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the voltage on the other input terminal, such as at times
when the input voltage difference exceeds one or the
other of the limits L1 and L2, the magnitude of the
current I3 required by the transistors 62 and 71 exceeds
one-third of the magnitude of current I4. This causes
current to be drawn through the base-emitter path of
transistor 88 which conducts an output current 190 as
shown in FIG. 7. Between the limits L1 and L.2, the
voltage on terminals §1 and 52 are relatively close to
one another, and the magnitude of current 13 is less than
one-third of the magnitude of current I4 established by
~the transistor 85. As a result, no output current is drawn
~ through the base-emitter path of transistor 88. This lack
of output current in transistor 88 is shown in FIG. 7
between the limits L1 and L2.

The output transistor 88 responds as the ratio be-
tween the magnitudes of the currents 13 and 14 changes.
The output current 190 is high when the ratio 13/14 is
greater than one-third and is low, or zero, when the
ratio 13/14 is less than one-third.

The ratio at which the output transistor 88 switches is
a scalar multiple that can be changed in accordance
with the reference of the circuit designer. One-third i1s a
convenient multiple for illustrative purposes.

The above-detailed description is illustrative of two
embodiments of the invention and it 1s to be understood
that additional embodiments thereof will be obvious to
those skilled in the art. The embodiments described
herein, together with those additional embodiments, are
considered to be within the scope of the invention.

- What 1s claimed is:

1. A window comparator comprising

an input circuit having a differential circuit with a

-~ current source for conducting I units of current

and being responsive to a differential input signal
for conducting two dependently variable currents
through different output sides to an output circuit,
the input circuit being arranged for re_}ectmg com-
mon-mode Input signals,

the output circuit having a pair of current source

loads, each load arranged for conducting a fixed
magnitude of current greater than I/2 units of cur-
rent and connected to a different side of the output
of the input circuit, the output circuit being respon-
sive to either side of the input circuit conducting
more than the predetermined magnitude of current,

a pair of voltage dropping elements connected to the

- current source in the input circuit for establishing

two limits of the window comparator, and

the output circuit connected with the different sides

of the input circuit and responsive to changes in the
ratio between the two dependently variable cur-
rents conducted therethrough for indicating with a
single uniform signal when the magnitude of the
differential input signal exceeds one: of the two
limits.
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2. A window comparator in accordance with claim 1

wherein the output circuit further comprises a pair of
transistors, each transistor having an emitter electrode
connected to a common terminal between the current
source loads, a base electrode connected separately to a
different side of the input circuit, and a collector elec-
trode connected to the collector electrode of the other
transistor of the pair of transistors.
3. A window comparator compnsmg
an input circuit having a pair of dlfferentlal circuits
interconnected at their inputs and outputs and in-
terconnected with a pair of current sources and
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being responsive to a differential input signal for
conducting two dependently variable currents
through different sides to an output circuit, the
current sources each for conducting I units of cur-
rent to a different one of the pair of differential

circuits,

a different voltage dmpplng element connected to
each current source in the input circuit for estab-
lishing two limits of the window comparator, and

the output circuit comprises a current mirror having
a pair of conducting paths, each respectively for
conducting one of the variable currents from the
input circuit, the output circuit being responsive to
one side of the input circuit conducting more than
a predetermined multiple of the current from the
other side for indicating that the magnitude of the
differential input signal exceeds one of the two
limits.

4. A window comparator in. accordance with claim 3

wherein | |

the differential circuits in the -inp'ut circuit include a
first and a second differential circuit each having
first and second sides for conducting current,

the input to the first side of each differential circuit
being interconnected, o |

the input to the second side of each dlfferentlal C1rcu1t
being interconnected, | |

the output of the first side of the first differential
circuit being interconnected with the output of the
second side of the second differential circuit, |

the output of the second side of the first differential
circuit being interconnected with the output of the
first side of the second differential circuit, |

a first resistor being interconnected between a first
one of the current sources and the second side of
the first differential circuit, and

a second resistor being interconnected between a
second one of the current sources and the first side
of the second differential circuit, wherein voltage
drop across the first and second resistors estab-
lishes the two predetermined limits.

5. A window comparator circuit for monitoring a
differential input signal and indicating when the signal
exceeds either one of two predetermined limits, the
~circuit comprising, |

an input circuit 1nc1ud1ng a differential circuit having
an output with different sides and a current source
for conducting I units of current;

an output circuit including a pair of current source
loads, each load arranged for conducting a prede-
termined magnitude of current greater than 1/2
units of current and connected to a different side of
the output of the differential circuit; and

means responsive to either side of the output of the
differential circuit conducting more than the pre-
determined magnitude of current for indicating
that the magnitude of the differential input signal
exceeds one of the two predetermined limits.

6. A circuit in accordance with claim 5 wherein the .
differential circuit includes a pair of resistors arranged
for establishing a predetermined voltage difference be-
tween the two predetermined limits. |

7. A circuit in accordance with claim § further com-
prising. voltage dropping means connected between a
pair of inputs to the differential circuit for conducting
current and causing a Voltage difference to unbalance

. the differential 01rcmt
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8. A window comparator for monitoring a differen-
tial input signal and indicating when the signal exceeds
either one of two predetermined limits, the circuit com-
prising '

‘an input circuit having a pair of output leads and
including a pair of current sources, each source for
conducting a predetermined magnitude of current
to one of a pair of differential circuits, the first

~ differential circuit having inputs and outputs inter-
connected respectively with inputs and outputs of
the second differential circuit, the input circuit
being responsive to the differential input signal for
conducting two dependently variable currents
through the pair of output leads,

an output circuit including a current mirror having a
pair of conducting paths, each connected to one of
the output leads of the input circuit for conducting
one of the variable currents from the input circuit,
and -

means responsive to one output lead of the input
circuit conducting a magnitude of current greater
than a predetermined multiple of the magnitude of
current conducted by the other output lead of the
input circuit for indicating that the magnitude of
the differential input signal exceeds one of the two
limits.

9. A window comparator in accordance with claim 8

wherein

the first and second differential circuits, each having
first and second sides for conducting current,

the input to the first side of each differential circuit
being interconnected,

the input to the second side of each differential circuit
being interconnected,

the output of the first side of the first differential
circuit being interconnected with the output of the
second side of the second differential circuit,

the output of the second side of the first differential
circuit being interconnected with the output of the
first side of the second differential circuit,

a first resistor being interconnected between a first
one of the current sources and the second side of
the first differential circuit, and

a second resistor being interconnected between a
second one of the current sources and the first side
of the second differential circuit, wherein voltage

. drop across the first and second resistors estab-

. lishes the two predetermined limits.

10. A window comparator for monitoring a differen-
tial input signal and indicating when the signal is be-
tween two predetermined limits, the circuit comprising

an input circuit having a pair of output leads and

- including a pair of current sources, each source for
conducting a predetermined magnitude of current
to one of a pair of differential circuits, the first
differential circuit having inputs and outputs inter-
connected respectively with inputs and outputs of
the second differential circuit, the input circuit

“being responstve to the differential input signal for
conducting two dependently variable currents
through the pair of output leads,

an output circuit including a current mirror having a
pair of conducting paths, each connected to one of

~ the output leads of the input circuit for conducting
one of the variable currents from the input circuit,
and

means responsive to one output lead of the input
circuit conducting a magnitude of current greater
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8

than a predetermined multiple of the magnitude of
current conducted by the other output lead of the
input circuit for indicating that the magnitude of
the differential input signal is between the two
predetermined limaits.

11. A window comparator in accordance with claim

10 wherein

the differential circuits in the input circuit include a
first and a second differential circuit each having
first and second sides for conducting current,

the input to the first side of each differential circuit
being interconnected,

the input to the second side of each differential circuit
being interconnected,

the output of the first side of the first differential
circuit being interconnected with the output of the
second side of the second differential circuit,

the output of the second side of the first differential

~circuit being interconnected with the output of the
first side of the second differential circuit,

a first resistor being interconnected between a first
one of the current sources and the second side of
the first differential circuit, and |

a second resistor being interconnected between a
second one of the current sources and the first side
of the second differential circuit, wherein voltage
drop across the first and second resistors estab-
lishes the two predetermined limits.

12. A window comparator comprising

an input circut having a pair of differential circuits
interconnected at inputs and outputs and intercon-
nected with a pair of current sources and being
responsive to a differential input signal for con-
ducting two dependently variable currents through
different sides to an output circuit, the current
sources each for conducting I units of current to a
different one of the pair of differential circuits,

a different voltage dropping element connected to
each current source in the input circuit for estab-
lishing two limits of the window comparator, and

the output circuit comprises a current mirror having
a pair of conducting paths, each respectively for
conducting one of the variable currents from the
input circuit, the output circuit being responsive to
one side of the input circuit conducting more than
a predetermined multiple of the current from the
other side for indicating that the magnitude of the
differential input signal 1s between the two prede-
termined limits. |

13. A window comparator in accordance with claim

12 wherein

the differential circuits in the input circuit include a
first and a second differential circuit each having
first and second sides for conducting current,

the input to the first side of each differential circuit
being interconnected,

the input to the second side of each differential circuit
being interconnected, |

the output of the first side of the first differentia
circuit being interconnected with the output of the
second side of the second differential circuit,

the output of the second side of the first differential
circuit being interconnected with the output of the
first side of the second differential circuit,

- a first resistor being interconnected between a first
one of the current sources and the second side of
the first differential circuit, and
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second resistor being interconnected between a
second one of the current sources and the first side
of the second differential circuit, wherein voltage
drop across the first and second resistors estab-
lishes the two predetermined limits.
14. A window comparator comprising
an input circuit having a differential circuit with a
current source for conducting I units of current
and being responsive to a differential input signal
for conducting two dependently variable currents
through different output sides to an output circuit,
‘the input circuit being arranged for rejecting com-
mon-mode input signals, - _
the output circuit having a pair of current source

4,061,932
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loads, each load arranged for conducting a fixed

magnitude of current greater than I/2 units of cur-
rent and connected to a different side of the output
of the input circuit, the output circuit being respon-
sive to either side of the input circuit conducting
more than the predetermined magnitude of current,
a pair of voltage dropping elements connected to the
current source in the input circuit for establishing
two limits of the window comparator, and
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the output circuit connected with the different sides

of the input circuit and responsive to changes in the
ratio between the two dependently variable cur-
rents conducted therethrough for indicating with a
single uniform signal when the magnitude of the
differential input signal is between the two limits.

15. A window comparator circuit for monitoring a
differential input signal and indicating when the signal is
between two predetermined limits, the circuit compris-

10 ing, ”
~ aninput circuit including a differential circuit having

an output with different sides and a current source
for conducting I units of current; |

an output circuit including a pair of current source

loads, each load arranged for conducting a prede-

~ termined magnitude of current greater than 1/2

units of current and connected to a different side of
the output of the differential circuit; and

means responsive to either side of the output of the

differential circuit conducting more than the pre-
determined magnitude of current for indicating

‘that the magnitude of the differential input signal 1s

between the two predetermined limits.
* % % *x X%
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